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FIG.1 

SPLITTING OF SPEECH INTO PHONEMES, 
CLASSIFICATION OF EACH PHONEME INTO 

ANY ONE OF UNVOICED PLOSIVES, 
VOICED PLOSIVES, UNVOICED FRICATIVES, 

VOICED FRICATIVES, AFFRICATES, 
AND UNVOICED VOWELS AND CORRECTION 

OF EACH PHONEME ACCORDING TO 
DETERMINATION OF NECESSITY OF 
CORRECTION OF EACH PHONEME 

gg?ggmwvs??g CLEAR SPEECH IN 
UNVO‘CED VOWELS WHICH CONSONANTS 

ARE UNCLEAR SPEECH VOAIIIIISLSHAREIEEEAR 
AND DISCORDANT ENHANCEMENT 7 AND NOT DISCORDANT 
SPEECH |NpUT DEVICE ACCORDING 

To PRESENT SPEECH OUTPUT 
INVENTION 
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FIG.3 

I START ) 

I FETCH PHONEME BOUNDARY DATA OF INPUT SPEECH Id‘ S101 

I SPLIT INPUT SPEECH INTO PHONEMES S102 

CALCULATE AMPLITUDE VALUES AND 8103 
AMPLITUDE VARIATION RATES OF SPLIT PHONEMES 

BASED ON AMPLITUDE VALUES AND AMPLITUDE VARIATION RATES, 
DETECT PLOSIVE PORTIONS/ASPIRATED PORTIONS S104 

BASED ON CALCULATED PLOSIVE PORTlONS/ASPIRATED PORTIONS AND 
AMPLITUDE VARIATION RATES, CLASSIFY PHONEMES 

I CALCULATE FEATURE QUANTITIES OF CLASSIFIED PHONEMES IJ‘ S106 

DETERMINE PHONEME ENVIRONMENT 
(DETERMINATION OF PRONOUNCED/SILENT, VOICED/UNVOICED) 

OF PREFIXED SOUNDS/SUFFIXED SOUNDS 

S105 

S107 

BASED ON PHONEME TYPES AND PHONEME 
ENVIRONMENT DETERMINATION RESULT OF PREFIXED 

SOUNDS/SUFFIXED SOUNDS, DISTRIBUTE FEATURE QUANTITY 
OF EACH PHONEME TO EACH PHONEME TYPE 

I DETERMINE NECESSITY OF CORRECTION FOR EACH PHONEME TYPE S109 

CORRECT PHONEMES BASED ON VOICED/UNVOICED BOUNDARY DATA, 
PHONEME CLASSES AND CORRECTION DETERMINATION RESULT, BY 
REFERRING TO PHONEMEWISE WAVEFORM-DATA STORAGE UNIT 

S108 

S110 

BASED ON VOICED/UNVOICED BOUNDARY DATA, CONNECT CORRECTED 
PHONEMES WITH NOT CORRECTED PHONEMES AND OUTPUT 

RESULTING SPEECH DATA 
S111 
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FIG.5 

CARRY OUT LANGUAGE PROCESS ON TEXT DATA S201 
AND OUTPUT PHONEME STRING 

BASED ON PHONEME STRING, 
ADD PHONEME LABELS TO INPUT SPEECH, AND OUTPUT PHONEME LABEL S202 

OF EACH PHONEME AND PHONEME BOUNDARY DATA 

BASED ON PHONEME LEVELS AND PHONEME BOUNDARY DATA OF INPUT 
SPEECH, SPLIT INPUT SPEECH USING PHONEME LEVEL BOUNDARIES $203 

CALCULATE AMPLITUDE VALUES S204 
AND AMPLITUDE VARIATION RATES OF SPLIT PHONEMES 

BASED ON AMPLITUDE VALUES AND AMPLITUDE VARIATION RATES S205 
DETECT PLOSIVE PORTIONS/ASPIRATED PORTIONS 

i 
BASED ON DETECTED PLOSIVE PORTIONs/ASPIRATED PORTIONS 

AND AMPLITUDE vARIATION RATES, CLASSIFY PHONEMES $206 

I CALCULATE FEATURE QUANTITIES OF CLASSIFIED PHONEMES P5207 

DETERMINE PHONEME ENVIRONMENT 
(DETERMINATION OF PRONOUNCED/SILENT, VOlCED/UNVOICED) S208 

OF PREFIXED SOUNDS/SUFFIXED SOUNDS 

BASED ON PHONEME TYPES 
AND PHONEME ENVIRONMENT DETERMINATION RESULT 8209 

OF PREFIXED SOUNDS/SUFFIXED SOUNDS, DISTRIBUTE FEATURE 
QUANTITY OF EACH PHONEME TO EACH PHONEME TYPE 

I DETERMINE NECESSITY OF CORRECTION FOR EACH PHONEME TYPE I/‘SZ‘IO 

BASED ON PHONEME LABELS, PHONEME BOUNDARY DATA, 
PHONEME CLASSES AND CORRECTION DETERMINATION RESULT, S211 
REFER TO PHONEMEWISE WAVEFORM DATA STORAGE UNIT 

AND CORRECT PHONEMES 

BASED ON PHONEME BOUNDARY DATA, 
CONNECT CORRECTED PHONEMES WITH NOT CORRECTED PHONEMES S212 

AND OUTPUT RESULTING SPEECH DATA 

END 
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FIG.1O 

( START ) 

CARRY OUT LANGUAGE PROCESS ON TEXT DATA 
AND OUTPUT PHONEME STRING 53°‘ 

BASED ON PHONEME STRING, ADD PHONEME LABELS TO INPUT SPEECH, 
AND OUTPUT PHONEME LABEL OF EACH PHONEME 8302 

AND PHONEME BOUNDARY DATA 

BASED ON PHONEME LEVELS AND PHONEME BOUNDARY DATA OF INPUT 
SPEECH, SPLIT INPUT SPEECH USING PI-IONEME LEvEL BOUNDARIES 5303 

CALCULATE AMPLITUDE vALUES 8304 
AND AMPLITUDE VARIATION RATES OF SPLIT PI-IONEMES 
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DETECT PLOSIvE PORTIONS/ASPIRATED PORTIONS 

BASED ON DETECTED PLOSIvE PORTIONS/ASPIRATED PORTIONS 8306 
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OF PREFIXED SOUNDS/SUFFIXED SOUNDS, DISTRIBUTE FEATURE 
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I DETERMINE CORRECTION UNNECESSITATED FOR EACH PHONEME TYPE I“ ‘S310 
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SPEECH ENHANCEMENT APPARATUS, 
SPEECH RECORDING APPARATUS, SPEECH 

ENHANCEMENT PROGRAM, SPEECH 
RECORDING PROGRAM, SPEECH 

ENHANCING METHOD, AND SPEECH 
RECORDING METHOD 

FIELD OF THE INVENTION 

The present invention relates to a speech enhancement 
apparatus, a speech recording apparatus, a speech enhance 
ment program, a speech recording program, a speech enhanc 
ing method, and a speech recording method Which correct and 
output unclear portions of input speech data, and, more par 
ticularly to a speech enhancement apparatus, a speech record 
ing apparatus, a speech enhancement program, a speech 
recording program, a speech enhancing method, and a speech 
recording method Which automatically detect and automati 
cally correct defective portions related to plosives such as 
existence or absence of plosive portions, phoneme lengths of 
aspirated portions that continue after the plosive portions, or 
defective portions related to amplitude variation of fricatives. 

DESCRIPTION OF THE RELATED ART 

Speech data, Which includes recorded speech including 
human voice, can be easily replicated. Due to this, the speech 
data is commonly reused several times. Especially, because 
the speech data that includes digitally recorded speech can be 
easily redistributed such as during podcasting on the Internet, 
the speech data is frequently reused. 

However, the human voice is not alWays vocaliZed dis 
tinctly. For example, in the human voice, a volume of a 
plosive or a fricative is higher compared to other syllables or 
a lip noise is included, thus making the human voice 
extremely dif?cult to hear. Moreover, because the speech data 
is easily replicated and redistributed, consonant portions 
become unclear due to doWn sampling and repeated encoding 
and decoding. The reproduced speech data becomes signi? 
cantly di?icult to hear due to the consonant portions becom 
ing unclear. 

HoWever, even if the consonant portions in the speech data 
are unclear or the speech data includes lip noise, because 
rerecording requires further person hours, the speech data is 
distributed With the recorded speech as it is. Further, even if 
the consonant portions have become unclear due to doWn 
sampling or repeated encoding and decoding, a user must 
tolerate such defects as sound quality deterioration due to 
replication. 

For reproducing the speech data that is easier to hear, 
various technologies are suggested for automatically detect 
ing and automatically correcting the defective portions of the 
recorded speech data. For example, in a technology for 
enhancing clarity of the consonant portions in the speech, a 
noise frequency component included in the speech is cut 
using a loW pass ?lter, thus making a speech band easier to 
hear. 

In a consonant enhancing method, Which is disclosed in 
Japanese Patent Application Laid-Open No. H8-275087 as a 
method to enhance the consonant portions, the consonant 
portions detected by a cepstrum pitch are enhanced by con 
volving a control function in the cepstrum to shorten the 
cepstrum pitch. 

Based on phonological data, a speech synthesiZer dis 
closed in Japanese Patent Application Laid-Open No. 2004 
4952 carries out band enhancement of the consonant portions 
or an amplitude enhancing process on the consonants or a 
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2 
continuation of the consonants and subsequent voWels. Fur 
ther, a speech synthesiZer disclosed in Japanese Patent Appli 
cation Laid-Open No. 2003 -345373 includes a ?lter that uses 
as a transfer function, spectral characteristics that indicate 
characteristics of unvoiced consonants. The speech synthe 
siZer carries out a ?ltering process on a spectrum distribution 
of phonemes to enhance characteristics of the spectrum dis 
tribution. 

HoWever, the consonants or unvoiced voWels may include 
sounds With loW speech clarity or discordant sounds due to 
defects related to plosives such as existence or absence of 
plosive portions, phoneme lengths of aspirated portions that 
continue after the plo sive portions, or defects related to ampli 
tude variation of fricatives. Due to this, although a conven 
tional technology represented in Patent documents 1 to 3 can 
be used to detect and correct the consonants or voiced voWels, 
the conventional technology cannot be used to further split 
the phonemes to detect and to correct the defective portions 
related to the plosives or the defective portions related to 
amplitude variation of the fricatives. Moreover, if original 
speech itself includes defects, only enhancing the consonant 
portions of the original speech also enhances the defective 
portions and the speech becomes further dif?cult to hear. 

It is an object of the present invention to solve the defects 
mentioned earlier and to provide a speech enhancement appa 
ratus, a speech recording apparatus, a speech enhancement 
program, a speech recording program, a speech enhancing 
method, and a speech recording method Which automatically 
detect and automatically correct, in the reproduced speech, 
defective portions related to the plosives such as existence or 
absence of the plosive portions, the phoneme lengths of the 
aspirated portions that continue after the plosive portions, or 
defective portions related to amplitude variation of the frica 
tives. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to at least partially 
solve the problems in the conventional technology. 
According to one aspect of the present invention, a speech 

enhancement apparatus that corrects and outputs unclear por 
tions of input speech data, includes a Waveform-feature 
quantity calculating unit that calculates a Waveform feature 
quantity of the speech data for each phoneme, the speech data 
being input along With phoneme boundary data that splits the 
speech data into phonemes; a correction determining unit that 
determines a necessity of correction of the speech data for 
each phoneme, based on the Waveform feature quantity cal 
culated by the Waveform-feature-quantity calculating unit; 
and a Waveform correcting unit that corrects the speech data, 
the necessity of correction thereof is determined by the cor 
rection determining unit, for each phoneme by using Wave 
form data that is prior stored in a phonemeWise-Waveform 
data storage unit. 

According to another aspect of the present invention, a 
speech recording apparatus that records input speech data in 
a phonemeWise-Waveform-data storage unit, includes a pho 
neme-identi?cation-data output unit that assigns phoneme 
identi?cation data to the speech data, based on the input 
speech data and a phoneme string that is output by carrying 
out a language process on text data of the speech data, deter 
mines boundaries of the phoneme identi?cation data, and 
outputs boundary data of the phoneme identi?cation data as 
the phoneme boundary data; a Waveform-feature-quantity 
calculating unit that calculates a Waveform feature quantity of 
the speech data for each phoneme, the speech data being input 
along With the boundary data of the phoneme identi?cation 
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data output by the phoneme-identi?cation-data output unit; a 
condition su?iciency determining unit that determines 
whether the speech data satis?es predetermined conditions 
for each phoneme, based on the waveform feature quantity 
calculated by the waveform-feature-quantity calculating unit; 
and a phonemewise-waveform-data recording unit that 
records in the phonemewise-waveform-data storage unit, the 
speech data of each phoneme that is determined to be satis?ed 
the predetermined conditions, based on a determination by 
the condition su?iciency determining unit. 

According to still another aspect of the present invention, a 
computer-readable recording medium that stores therein a 
speech enhancing program that causes a computer to correct 
and output unclear portions of input speech data, the speech 
enhancing program causes the computer to execute: calculat 
ing a waveform feature quantity of the speech data for each 
phoneme, the speech data being input along with phoneme 
boundary data that splits the speech data into phonemes; 
determining a necessity of correction of the speech data for 
each phoneme, based on the waveform feature quantity cal 
culated in calculating the waveform-feature-quantity; and 
correcting the speech data, the necessity of correction thereof 
is determined in the determining, for each phoneme by using 
waveform data that is prior stored in a phonemewise-wave 
form-data storage unit. 

According to still another aspect of the present invention, a 
computer-readable recording medium that stores therein a 
speech recording program that causes a computer to record 
input speech data in a phonemewise-waveform-data storage 
unit, the speech recording program causes the computer to 
execute: assigning phoneme identi?cation data to the speech 
data, based on the input speech data and a phoneme string that 
is output by carrying out a language process on text data of the 
speech data, determining boundaries of the phoneme identi 
?cation data, and outputting boundary data of the phoneme 
identi?cation data as the phoneme boundary data; calculating 
a waveform feature quantity of the speech data for each pho 
neme, the speech data being input along with the boundary 
data of the phoneme identi?cation data output from the out 
putting; determining whether the speech data satis?es prede 
termined conditions for each phoneme, based on the wave 
form feature quantity calculated in calculating; and recording 
in the phonemewise-waveform-data storage unit, the speech 
data of each phoneme that is determined to be satis?ed the 
predetermined conditions, based on a determination in deter 
mining. 

According to still another aspect of the present invention, a 
speech enhancing method that corrects and outputs unclear 
portions of input speech data according to the present inven 
tion, includes calculating a waveform feature quantity of the 
speech data for each phoneme, the speech data being input 
along with phoneme boundary data that splits the speech data 
into phonemes; determining a necessity of correction of the 
speech data for each phoneme, based on the waveform feature 
quantity calculated in calculating; and correcting the speech 
data, the necessity of correction thereof is determined in 
determining, for each phoneme by using waveform data that 
is prior stored in a phonemewise-waveform-data storage unit. 

According to still another aspect of the present invention, a 
speech recording method that corrects and outputs unclear 
portions of input speech data according to the present inven 
tion, includes assigning phoneme identi?cation data to the 
speech data, based on the input speech data and a phoneme 
string that is output by carrying out a language process on text 
data of the speech data, determining boundaries of the pho 
neme identi?cation data, and outputting boundary data of the 
phoneme identi?cation data as the phoneme boundary data; 
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4 
calculating a waveform feature quantity of the speech data for 
each phoneme, the speech data being input along with the 
boundary data of the phoneme identi?cation data output from 
the outputting; determining whether the speech data satis?es 
predetermined conditions for each phoneme, based on the 
waveform feature quantity calculated in calculating; and 
recording in the phonemewise-waveform-data storage unit, 
the speech data of each phoneme that is determined to be 
satis?ed the predetermined conditions, based on a determi 
nation in the determining. 

The above and other objects, features, advantages and tech 
nical and industrial signi?cance of this invention will be 
better understood by reading the following detailed descrip 
tion of presently preferred embodiments of the invention, 
when considered in connection with the accompanying draw 
1ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an explanatory diagram for explaining a salient 
feature of the present invention; 

FIG. 2 is a functional block diagram of a speech enhance 
ment apparatus according a ?rst embodiment of the present 
invention; 

FIG. 3 is a ?owchart of a speech enhancing process accord 
ing to the ?rst embodiment; 

FIG. 4 is a functional block diagram of the speech enhance 
ment apparatus according to a second embodiment of the 
present invention; 

FIG. 5 is a ?owchart of the speech enhancing process 
according to the second embodiment; 

FIG. 6 is a schematic view of an example of correction in 
which a phoneme “d” without a plosive portion is substituted 
by a phoneme “d” with the plosive portion; 

FIG. 7 is a schematic view of an example of correction in 
which the phoneme “d” without the plosive portion is supple 
mented by the phoneme “d” with the plosive portion; 

FIG. 8 is a schematic view of an example of correction in 
which “sH” and “s” that include a lip noise are substituted; 

FIG. 9 is a functional block diagram of a speech recording 
apparatus according to a third embodiment of the present 
invention; and 

FIG. 10 is a ?owchart of a speech recording process 
according to the third embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Exemplary embodiments of the speech enhancement appa 
ratus, the speech recording apparatus, the speech enhance 
ment program, the speech recording program, the speech 
enhancing method, and the speech recording method accord 
ing to the present invention are explained below with refer 
ence to the accompanying drawings. In a ?rst and a second 
embodiments explained below, the present invention is 
applied to a speech enhancement apparatus that is mounted 
on a computer that is connected to an output unit (for 
example, a speaker) and that reproduces speech data and 
outputs the reproduced speech data via the output unit. How 
ever, the present invention is not to be thus limited, and can be 
widely applied to a speech reproducing apparatus that voices 
speech that is reproduced from the output unit. Further, in a 
third embodiment explained below, the present invention is 
applied to a speech recording apparatus that is mounted on a 
computer that is connected to an input unit (for example, a 
microphone) and a storage unit that stores therein sampled 
input speech. 
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A salient feature of the present invention is explained 
before explaining the ?rst to the third embodiments of the 
present invention. FIG. 1 is a explanatory diagram for 
explaining the salient feature of the present invention. As 
shoWn in FIG. 1, speech, Which includes consonants and 
unvoiced voWels that are unclear or discordant, is input into 
the speech enhancement apparatus according to the present 
invention. The speech enhancement apparatus splits the 
speech into phonemes and classi?es each phoneme as any one 
of an unvoiced plosive, a voiced plosive, an unvoiced frica 
tive, a voiced fricative, an affricate, or an unvoiced voWel. 
Each phoneme is corrected according to a determination of 
necessity of correction of each phoneme, thus enabling to 
obtain an output of a clear speech that includes clear conso 
nants and unvoiced voWels and that is not discordant. 

HoWever, in the speech, Which is dif?cult to hear and 
includes sounds of loW speech clarity or discordant sounds, 
the consonants and the unvoiced voWels are often unclear. 
Especially, if the sounds of loW speech clarity or the discor 
dant sounds are included in the consonants and the unvoiced 
voWels, defects often include defects due to plosives such as 
existence or absence of plosive portions, phoneme lengths of 
aspirated portions that continue after the plosive portions or 
defects due to amplitude variation of fricatives. Because the 
consonant portions are simply enhanced in a conventional 
technology, if the original speech itself includes defects, 
defective portions are also enhanced and the speech becomes 
further dif?cult to hear. Moreover, defective portions related 
to the plosives or defective portions related to the amplitude 
variation of the fricatives cannot be detected and corrected. 

The present invention is carried out for overcoming the 
defects mentioned earlier. In the present invention, for mak 
ing the speech easier to hear for a listener, based on a feature 
quantity of each phoneme in the speech and phoneme data 
before and after the phoneme, a feature quantity according to 
a type of the phoneme is calculated to detect defective por 
tions due to the plosives such as existence or absence of the 
plosive portions, the phoneme lengths of the aspirated por 
tions that continue after the plosive portions or defective 
portions due to the amplitude variation of the fricatives . Auto 
matic correction such as phoneme substitution and phoneme 
supplementation is enabled. 

Example 1 

The ?rst embodiment of the present invention is explained 
With reference to FIGS. 2 and 3. FIG. 2 is a functional block 
diagram of the speech enhancement apparatus according to 
the ?rst embodiment. As shoWn in FIG. 2, a speech enhance 
ment apparatus 100 includes a Waveform-feature-quantity 
calculating unit 101, a correction determining unit 102, a 
voiced/unvoiced determining unit 103, a Waveform correct 
ing unit 104, a phonemeWise-Waveform-data storage unit 
105, and a Waveform generating unit 106. 
The Waveform-feature-quantity calculating unit 101 splits 

the input speech into the phonemes and outputs a phoneme 
Wise feature quantity. The Waveform-feature-quantity calcu 
lating unit 101 includes a phoneme splitting unit 101a, an 
amplitude variation measuring unit 101b, a plosive portion/ 
aspirated portion detecting unit 1010, a phoneme classifying 
unit 101d, a phonemeWise-feature-quantity calculating unit 
101e, and a phoneme environment detecting unit 101]. 

Based on phoneme boundary data, the phoneme splitting 
unit 101a splits the input speech. If split phoneme data 
includes periodic components, the phoneme splitting unit 
101a uses a loW pass ?lter to prior remove loW frequency 
components. 
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6 
The amplitude variation measuring unit 1011) splits into n 

(n22) number of frames, the speech data that is split by the 
phoneme splitting unit 101a, calculates an amplitude value of 
each frame, averages a maximum value of the amplitude 
values, and uses a variation rate of the average to detect an 
amplitude variation rate. 

Based on the amplitude value and the amplitude variation 
rate that are calculated by the amplitude variation measuring 
unit 101b, the plosive portion/ aspirated portion detecting unit 
1010 detects Whether the speech data that is split by the 
phoneme splitting unit 101a includes the plosive portions. In 
an example of a plosive portion detecting method, after split 
ting the speech data into pronounced portions and silent por 
tions, a Zero cross distribution (Zero distribution of a Wave 

form of the speech data) and the amplitude variation rate of 
the pronounced portions are used to detect the plosive por 
tions. If the split speech data includes the plosive portions, the 
plosive portion/ aspirated portion detecting unit 1010 detects 
lengths of the plosive portions and lengths of the aspirated 
portions that continue after the plosive portions. 
From existence or absence of the plosive portions and 

existence or absence of the aspirated portions, Which is a 
detection result by the plosive portion/aspirated portion 
detecting unit 1010, based on the amplitude variation rate 
calculated by the amplitude variation measuring unit 101b, 
the phoneme classifying unit 101d classi?es the phonemes as 
Waveforms of any one of the unvoiced plosives, the voiced 
plosives, the unvoiced fricatives, the affricates, the voiced 
fricatives, and the periodic Waveforms. 
The phonemeWise-feature-quantity calculating unit 101e 

calculates the feature quantity of each phoneme type that is 
classi?ed by the phoneme splitting unit 101a and outputs the 
feature quantity as the phonemeWise feature quantity. For 
example, if the phoneme type is the unvoiced plosive, the 
feature quantity includes existence or absence of the plosive 
portions, a number of the plosive portions, a maximum ampli 
tude value of the plosive portions, existence or absence of the 
aspirated portions, the lengths of the aspirated portions, and 
the lengths of silent portions before the plosive portions. If the 
phoneme type is the affricate, the feature quantity includes 
the lengths of the silent portions before the plosive portions, 
the amplitude variation rate, and the maximum amplitude 
value. If the phoneme type is the unvoiced fricative, the fea 
ture quantity includes the amplitude variation rate and the 
maximum amplitude value. If the phoneme type is the voiced 
plosive, the feature quantity includes existence or absence of 
the plosive portions. 
The phoneme environment detecting unit 101 f determines 

pre?xed sounds and suf?xed sounds of the phonemes of the 
phoneme data that is split by the phoneme splitting unit 10111. 
The phoneme environment detecting unit 101f determines 
Whether the pre?xed sounds and the suf?xed sounds are silent 
or pronounced or Whether the pre?xed sounds and the suf 
?xed sounds are voiced or unvoiced. The phoneme environ 
ment detecting unit 101f outputs a determination result as a 
phoneme environment detection result. 
The phonemeWise feature quantities and the phoneme 

classes Which are calculated by the Waveform-feature-quan 
tity calculating unit 101 are input into the correction deter 
mining unit 102. Based on each phoneme class and the pho 
nemeWise feature quantity, the correction determining unit 
102 determines Whether the phoneme needs to be corrected. 
The correction determining unit 102 includes a phonemeWise 
data distributing unit 102a, an unvoiced plosive determining 
unit 102b, a voiced plosive determining unit 1020, an 
unvoiced fricative determining unit 102d, a voiced fricative 
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determining unit 102e, an affricate determining unit 102], and 
a periodic Waveform determining unit 102g. 

Based on the phoneme type and the phoneme environment, 
the phonemeWise data distributing unit 102a distributes the 
phonemeWise feature quantities calculated by the phoneme 
Wise-feature-quantity calculating unit 101e to determining 
units of the phoneme type, in other Words, to any one of the 
unvoiced plosive determining unit 102b, the voiced plosive 
determining unit 1020, the unvoiced fricative determining 
unit 102d, the voiced fricative determining unit 102e, the 
affricate determining unit 102], and the periodic Waveform 
determining unit 102g. 

The unvoiced plosive determining unit 102!) receives an 
input of the phonemeWise feature quantity of the unvoiced 
plosives, determines Whether to correct the phoneme based 
on the phonemeWise feature quantity, and outputs a determi 
nation result. The voiced plosive determining unit 1020 
receives an input of the phonemeWise feature quantity of the 
voiced plosives, determines Whether to correct the phoneme 
based on the phonemeWise feature quantity, and outputs a 
determination result. The unvoiced fricative determining unit 
1 02d receives an input of the phonemeWise feature quantity of 
the unvoiced fricatives, determines Whether to correct the 
phoneme based on the phonemeWise feature quantity, and 
outputs a determination result. The voiced fricative determin 
ing unit 102e receives an input of the phonemeWise feature 
quantity of the voiced fricatives, determines Whether to cor 
rect the phoneme based on the phonemeWise feature quantity, 
and outputs a determination result. The affricate determining 
unit 102f receives an input of the phonemeWise feature quan 
tity of the affricates, determines Whether to correct the pho 
neme based on the phonemeWise feature quantity, and outputs 
a determination result. The periodic Waveform determining 
unit 102g receives an input of the phonemeWise feature quan 
tity of the periodic Waveforms (unvoiced voWels), determines 
Whether to correct the phoneme based on the phonemeWise 
feature quantity, and outputs a determination result. 

If the speech data includes silent sounds in series, the 
phonemeWise-feature-quantity calculating unit 101e treats a 
silent portion as a boundary to calculate the feature quantity. 
The input speech is input into the voiced/unvoiced deter 

mining unit 103. The voiced/unvoiced determining unit 103 
classi?es the input speech into voiced and unvoiced portions 
and outputs voiced/unvoiced data and voiced/unvoiced 
boundary data that indicates Whether the portions are voiced 
or unvoiced consisting of the unvoiced fricatives, the 
unvoiced plosives etc. The voiced/unvoiced determining unit 
103 determines a poWer that is less than or equal to a threshold 
value (for example, 250 HZ) of a loW frequency of the input 
speech. From data Which is normalized using a maximum 
poWer value per time frame (for example, 0.2 seconds), the 
voiced/unvoiced determining unit 103 determines as 
unvoiced, the portions that are less than or equal to the thresh 
old value and determines as voiced, the portions that are 
greater than or equal to the threshold value. 

The Waveform correcting unit 104 receives an input of the 
input speech, the voiced/unvoiced boundary data of the input 
speech, the determination result by the correction determin 
ing unit 102, and the phoneme classes. The Waveform cor 
recting unit 104 uses Waveform data stored in the phoneme 
Wise-Waveform-data storage unit 105 to carry out substitution 
or addition (supplementation) to the original data and corrects 
the phonemes that need to be corrected. The Waveform cor 
recting unit 104 outputs the speech data after correction. 

Based on the phonemeWise feature quantity and the pho 
neme environment detection result, the Waveform correcting 
unit 104 determines Whether to correct the phonemes. For 
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8 
example, if the phoneme environment detection result indi 
cates that the pre?xed sound/suf?xed sound is pronounced 
and voiced, although an amplitude of a phoneme beginning 
and a phoneme ending of the phoneme is large, the Waveform 
correcting unit 104 determines that the large amplitude is due 
to in?uence of a phoneme fragment of the pre?xed sound/ 
suf?xed sound and does not necessitate correction. Based on 
the amplitude variation of a central portion after removing the 
phoneme beginning and the phoneme ending, the Waveform 
correcting unit 104 determines Whether to correct the pho 
neme. If the pre?xed sound is unvoiced and the amplitude 
variation is observed in the phoneme beginning of the pho 
neme fragment, or if the suf?xed sound is unvoiced and the 
amplitude variation is observed in the phoneme ending of the 
phoneme fragment, the Waveform correcting unit 104 deter 
mines that the phoneme needs to be corrected. 
The Waveform generating unit 106 receives an input of the 

input speech, the voiced/unvoiced boundary data of the input 
speech, the determination result by the correction determin 
ing unit 102 and a correction result by the Waveform correct 
ing unit 104. The Waveform generating unit 106 connects the 
portions that are corrected With the portions that are not 
corrected and outputs the resulting speech as output speech. 

Apart from the voiced/unvoiced boundary data, general 
phoneme boundary data can also be input into the Waveform 
feature-quantity calculating unit 101 shoWn in FIG. 2. The 
voiced/unvoiced determining unit 103 can be omitted When 
inputting the general phoneme boundary data. If the voiced/ 
unvoiced determining unit 103 is omitted, the phoneme 
boundary data is also input into the Waveform correcting unit 
104. For example, in a syllable “ta” Which includes tWo 
phoneme fragments of a consonant “t” and a voWel “a”, the 
phonemes indicate a boundary of “t” and “a”. 
The phoneme environment detecting unit 101f shoWn in 

FIG. 2 can also be omitted. If the phoneme environment 
detecting unit 101f is omitted, detection of Whether the pre 
?xed sounds and the suf?xed sounds are silent, pronounced, 
voiced, or unvoiced cannot be carried out. Thus, based on 
only the phoneme type, the phonemeWise feature quantities 
are distributed to determining units of the phoneme type, in 
other Words, to any one of the unvoiced plosive determining 
unit 102b, the voiced plosive determining unit 1020, the 
unvoiced fricative determining unit 102d, the voiced fricative 
determining unit 102e, the affricate determining unit 102], 
and the periodic Waveform determining unit 102g. 
A speech enhancing process according to the ?rst embodi 

ment is explained next. FIG. 3 is a ?owchart of the speech 
enhancing process according to the ?rst embodiment. As 
shoWn in FIG. 3, ?rst, the voiced/unvoiced determining unit 
103 fetches the voiced/unvoiced boundary data of the input 
speech (step S101). If the voiced/unvoiced determining unit 
103 is omitted, the speech enhancement apparatus 100 
according to the ?rst embodiment fetches the general pho 
neme boundary data and inputs the phoneme boundary data 
into the Waveform-feature-quantity calculating unit 101, the 
Waveform correcting unit 104, and the Waveform generating 
unit 106. 

Next, based on the voiced/unvoiced boundary data (the 
general phoneme boundary data if the voiced/ unvoiced deter 
mining unit 103 is omitted), the phoneme splitting unit 101a 
splits the input speech data into the phonemes (step S102). 
The amplitude variation measuring unit 1011) calculates 

the amplitude values and the amplitude variation rates of the 
split phonemes (step S103). Next, based on the amplitude 
values and the amplitude variation rates, the plosive portion/ 
aspirated portion detecting unit 1010 detects the plosive por 
tions/aspirated portions (step S104). Next, based on the 
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detected plosive portions/aspirated portions and the ampli 
tude variation rates, the phoneme classifying unit 101d clas 
si?es the phonemes into phoneme classes (step S105). Next, 
the phonemeWise-feature-quantity calculating unit 101e cal 
culates the feature quantities of the classi?ed phonemes (step 
S106). 

Next, the phoneme environment detecting unit 101 f deter 
mines the phoneme environment, in other Words, Whether the 
speech data of the pre?xed sounds/suf?xed sounds of the 
phonemes split at step S102 is silent, pronounced, voiced or 
unvoiced (step S107). HoWever, step S107 is omitted if the 
phoneme environment detecting unit 101f is omitted. 

Next, based on the phoneme type and a phoneme environ 
ment determination result of the pre?xed sounds/su?ixed 
sounds, the phonemeWise data distributing unit 102a distrib 
utes the feature quantity of each phoneme to each phoneme 
type (step S108). If the phoneme environment detecting unit 
101f is omitted, based on only the phoneme type, the phone 
meWise data distributing unit 102a distributes the feature 
quantities of the phonemes to each phoneme type. Next, the 
unvoiced plosive determining unit 102b, the voiced plosive 
determining unit 1020, the unvoiced fricative determining 
unit 102d, the voiced fricative determining unit 102e, the 
affricate determining unit 102], and the periodic Waveform 
determining unit 102g determine the necessity of correction 
of the phonemes for each phoneme type (step S109). 

Next, based on the voiced/unvoiced boundary data (the 
general phoneme boundary data if the voiced/unvoiced deter 
mining unit 103 is omitted), the phoneme classes and a cor 
rection determination result at step S109, the Waveform cor 
recting unit 104 refers to the phonemeWise-Waveform-data 
storage unit 105 and corrects the phonemes (step S110). Next, 
based on the voiced/unvoiced boundary data (the general 
phoneme boundary data if the voiced/unvoiced determining 
unit 103 is omitted), the Waveform generating unit 106 con 
nects the corrected phonemes With the not corrected pho 
nemes and outputs the resulting speech data (step S111). 

Example 2 

The second embodiment of the present invention is 
explained beloW With reference to FIGS. 4 and 5. Only dif 
ferences betWeen the ?rst embodiment and the second 
embodiment are explained in the second embodiment. FIG. 4 
is a functional block diagram of a speech enhancement appa 
ratus according to the second embodiment. As shoWn in FIG. 
4, the speech enhancement apparatus 100 includes the Wave 
form feature quantity determining unit 101, the correction 
determining unit 102, the Waveform correcting unit 104, the 
phonemeWise-Waveform-data storage unit 105, the Waveform 
generating unit 106, a language processor 107, and a pho 
neme labeling unit 108. Because the Waveform feature quan 
tity determining unit 101, the correction determining unit 
102, the Waveform correcting unit 104, the phonemeWise 
Waveform-data storage unit 105, and the Waveform generat 
ing unit 106 are similar to the Waveform feature quantity 
determining unit 101, the correction determining unit 1 02, the 
Waveform correcting unit 104, the phonemeWise-Waveform 
data storage unit 105, and the Waveform generating unit 106 
respectively in the ?rst embodiment, an explanation is omit 
ted. 
Upon input of text data, Which indicates content of the 

input speech, into the language processor 107, a language 
process is carried out and a phoneme string is output. For 
example, if the text data is “tadaima”, the phoneme string is 
“tadaima”. Upon input of the input speech and the phoneme 
string in the phoneme labeling unit 108, a phoneme labeling 
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10 
is carried out for the input speech, and a phoneme label of 
each phoneme and boundary data of each phoneme are out 
put. 
The phoneme labels and the phoneme boundary data that 

are output by the language processor 107 are input into the 
phoneme splitting unit 10111, the Waveform correcting unit 
104, and the Waveform generating unit 106. Based on the 
phoneme labels and the phoneme boundary data, the pho 
neme splitting unit 101a splits the input speech. The Wave 
form correcting unit 104 receives an input of the input speech, 
the phoneme labels, the phoneme boundary data, the deter 
mination result by the correction determining unit 102, and 
the phoneme classes. Based on the phonemes that need to be 
corrected, the Waveform correcting unit 104 uses the Wave 
form data stored in the phonemeWise-Waveform-data storage 
unit 105 to carry out substitution or addition (supplementa 
tion) to the original data, and outputs the speech data after 
correction. The Waveform generating unit 106 receives an 
input of the input speech, the phoneme labels, the phoneme 
boundary data, the determination result by the correction 
determining unit 102, and the correction result by the Wave 
form correcting unit 104. The Waveform generating unit 106 
connects the corrected portions of the speech data With the not 
corrected portions of the speech data, and outputs the result 
ing speech data as the output speech. 

Because the phoneme labels are input into the Waveform 
correcting unit 104, the Waveform correcting unit 104 uses 
determination standards based on the phoneme labels to 
determine Whether to correct each phoneme. For example, if 
the phoneme label is “k”, a length of the affricate portion 
being greater than or equal to the threshold value is used as 
one of the determination standards. 
Upon input of the phoneme labels and the phonemeWise 

feature quantities, based on each phoneme label and the fea 
ture quantity, the correction determining unit 102 according 
to the second embodiment determines Whether to correct the 
phonemes. For example, upon the phoneme label being “k”, 
Whether the phoneme includes only one plosive portion, 
Whether a maximum value of an amplitude absolute value of 
the plosive portion is less than or equal to the threshold value, 
and Whether the length of the aspirated portion is greater than 
or equal to the threshold value are used as the determination 
standards. Upon the phoneme being “p” or “t”, Whether the 
phoneme includes only one plosive portion, and Whether the 
maximum value of the amplitude absolute value of the plosive 
portion is less than or equal to the threshold value are used as 
the determination standards. 
Upon the phoneme being “b”, “d”, or “g”, Whether the 

plosive portion exists and Whether the periodic Waveform 
portion exists are used as the determination standards. The 
phoneme is corrected if the plosive portion does not exist. If 
the phoneme label is “r”, Whether the plosive portion exists is 
used as the determination standard and the phoneme is cor 
rected if the plosive portion exists. If the phoneme label is “s” 
“sH”, “f”, “h”, “"’, or “Z”, the amplitude variation and 
Whether the maximum value of the amplitude absolute value 
of the plosive portion is less than or equal to the threshold 
value are used as the determination standards. 

Accordingly, because the phoneme labels are input into the 
correction determining unit 102, for example, if the phoneme 
is not audible as “k” due to the short aspirated portion even if 
the phoneme label is “k”, if the phoneme is mistakenly 
audible as “r” due to absence of the plosive portion even if the 
phoneme label is “d”, if the phoneme cannot be differentiated 
from “n” due to absence of the plosive portion even if the 
phoneme label is “g”, or if the phoneme is audible as “g” due 
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to noise even if the phoneme label is “n”, the correction 
determining unit 102 determines to correct the phonemes. 

The input speech, phoneme label boundary data of the 
input speech, determination data, and the phoneme classes 
are input into the Waveform correcting unit 104 according to 
the second embodiment. The Waveform correcting unit 104 
uses data stored in the phonemeWise-Waveform-data storage 
unit 105 to carry out substitution or addition to the original 
data, deletion of the plosive portions, deletion of the frames 
having a large amplitude variation rate etc. to correct the 
phonemes and outputs the speech data after correction. 

If the phoneme label is “k”, the phonemeWise feature quan 
tity calculated by the phonemeWise-feature-quantity calcu 
lating unit 101e includes any one or more of existence or 

absence of the plosive portions, the lengths of the plosive 
portions, the number of the plosive portions, the maximum 
value of the amplitude absolute value of the plosive portions, 
and the lengths of the aspirated portions that continue after the 
plosive portions. If the phoneme label is “b”, “d”, or “g”, the 
phonemeWise feature quantity includes any one or more of 
existence or absence of the plosive portions, existence or 
absence of the periodic Waveforms, and the phoneme envi 
ronment before the phoneme. If the phoneme label is “s” or 
“sH”, the feature quantity includes any one or more of the 
amplitude variation and the phoneme environment before and 
after the phoneme. 
A speech enhancing process according to the second 

embodiment is explained next. FIG. 5 is a ?owchart of the 
speech enhancing process according to the second embodi 
ment. As shoWn in FIG. 5, ?rst the language processor 107 
receives an input of the text data corresponding to the input 
speech, carries out the language process on the text data, and 
outputs the phoneme string (step S201). 

Next, based on the phoneme string, the phoneme labeling 
unit 108 adds the phoneme labels to the input speech, and 
outputs the phoneme label of each phoneme and the phoneme 
boundary data (step S202). Next, based on the phoneme label 
of each phoneme and the phoneme boundary data, the pho 
neme splitting unit 101a uses the phoneme label boundaries 
to split the input speech into the phonemes (step S203). 

Next, the amplitude variation measuring unit 1011) calcu 
lates the amplitude values and the amplitude variation rates of 
the split phonemes (step S204). Next, based on the amplitude 
values and the amplitude variation rates, the plosive portion/ 
aspirated portion detecting unit 1010 detects the plosive por 
tions/aspirated portions (step S205). Next, based on the 
detected plosive portions/aspirated portions and the ampli 
tude variation rates, the phoneme classifying unit 101d clas 
si?es the phonemes into the phoneme classes (step S206). 
Next, the phonemeWise-feature-quantity calculating unit 
101e calculates the feature quantities of the classi?ed pho 
nemes (step S207). 

Next, the phoneme environment detecting unit 101 f deter 
mines the phoneme environment, in other Words, Whether the 
speech data of the pre?xed sounds/suf?xed sounds of the 
phonemes split at step S203 is silent, pronounced, voiced or 
unvoiced (step S208). 

Next, based on the phoneme type and the phoneme envi 
ronment determination result of the pre?xed sounds/su?ixed 
sounds, the phonemeWise data distributing unit 102a distrib 
utes the feature quantity of each phoneme to each phoneme 
type (step S209). Next, the unvoiced plosive determining unit 
102b, the voiced plosive determining unit 1020, the unvoiced 
fricative determining unit 102d, the voiced fricative deter 
mining unit 102e, the affricate determining unit 102], and the 
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12 
periodic Waveform determining unit 102g determine for each 
phoneme type Whether the phonemes need to be corrected 
(step S210). 

Next, based on the phoneme labels, the phoneme boundary 
data, the phoneme classes and the correction determination 
result at step S109, the Waveform correcting unit 104 refers to 
the phonemeWise-Waveform-data storage unit 105 and cor 
rects the phonemes (step S211). Next, based on the phoneme 
labels and the phoneme boundary data, the Waveform gener 
ating unit 106 connects the corrected phonemes With the not 
corrected phonemes and outputs the resulting speech data 
(step S212). 
An outline of Waveform correction by the Waveform cor 

recting unit 104 according to the ?rst and the second embodi 
ments is explained next. FIGS. 6 to 8 are schematic vieWs for 
explaining the outline of Waveform correction by the Wave 
form correcting unit 104. In an example shoWn in FIG. 6, the 
phoneme “d” Without the plosive portion is detected from the 
calculation result of the Waveform-feature-quantity calculat 
ing unit 101. Upon the correction determining unit 102 deter 
mining that the phoneme I“d” needs to be corrected, the 
phoneme “d” is substituted by a phoneme “d” that is stored in 
the phonemeWise-Waveform-data storage unit 105 and that 
includes the plosive portion. 

In an example shoWn in FIG. 7, the phoneme “d” Without 
the plosive portion is supplemented by the phoneme “d” that 
is stored in the phonemeWise-Waveform-data storage unit 105 
and that includes the plosive portion. 

In an example shoWn in FIG. 8, the unvoiced affricates 
“sH” and “s” that include a large amplitude variation due to 
lip noise are substituted by “sH” and “s” that are stored in the 
phonemeWise-Waveform-data storage unit 105 and that do 
not include the amplitude variation. 

For example, because “d” in “tadaima” does not include 
the plosive portion, “d” is mistakenly audible as “r” and 
“tadaima” is heard as “taraima”. The Waveform correction 
shoWn in FIGS. 7 and 8 is carried out to effectively enhance 
such examples of the speech data. 

In a method according to another embodiment of the Wave 
form correcting unit 104, if a plosive includes tWo plosive 
portions, one of the plosive portions is deleted. Further, in 
another method, if a fricative includes a short interval having 
a large amplitude variation, the interval having the large 
amplitude variation is deleted. Thus, data stored in the “pho 
nemeWise-Waveform-data storage unit” is used to carry out 
substitution, supplementation, or deletion from the original 
data, thereby carrying out Waveform correction. 

Example 3 

The third embodiment of the present invention is explained 
beloW With reference to FIGS. 9 and 10. The third embodi 
ment is related to the speech recording apparatus for storing 
the phonemes in the phonemeWise-Waveform-data storage 
unit 105 according to the ?rst and the second embodiments. In 
the third embodiment, a phonemeWise-Waveform-data stor 
age unit 205 is used as the phonemeWise-Waveform-data stor 
age unit 105. FIG. 9 is a functional block diagram of the 
speech recording apparatus according to the third embodi 
ment. As shoWn in FIG. 9, a speech recording apparatus 200 
includes a Waveform-feature-quantity calculating unit 201, a 
recording determining unit 202, a Waveform recording unit 
204, the phonemeWise-Waveform-data storage unit 205, a 
language processor 207, and a phoneme labeling unit 208. 
The Waveform-feature-quantity calculating unit 201 fur 

ther includes a phoneme splitting unit 201a, an amplitude 
variation measuring unit 201b, a plosive portion/aspirated 
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portion detecting unit 2010, a phoneme classifying unit 201d, 
a phonemeWise-feature-quantity calculating unit 201e, and a 
phoneme environment detecting unit 201]. Because the pho 
neme splitting unit 20111, the amplitude variation measuring 
unit 201b, the plosive portion/ aspirated portion detecting unit 
2010, the phoneme classifying unit 201d, the phonemeWise 
feature-quantity calculating unit 201e, and the phoneme envi 
ronment detecting unit 201f are the same as the phoneme 
splitting unit 10111, the amplitude variation measuring unit 
101b, the plosive portion/aspirated portion detecting unit 
1010, the phoneme classifying unit 101d, the phonemeWise 
feature-quantity calculating unit 101e, and the phoneme envi 
ronment detecting unit 101f respectively according to the ?rst 
and the second embodiments, an explanation is omitted. 

The recording determining unit 202 is basically the same as 
the correction determining unit 102 according to the ?rst and 
the second embodiments. The recording determining unit 202 
includes a phonemeWise data distributing unit 202a, an 
unvoiced plosive determining unit 202b, a voiced plosive 
determining unit 2020, an unvoiced fricative determining unit 
202d, a voiced fricative determining unit 202e, an affricate 
determining unit 202], and a periodic Waveform determining 
unit 202g that are the same as the phonemeWise data distrib 
uting unit 10211, the unvoiced plosive determining unit 102b, 
the voiced plosive determining unit 1020, the unvoiced frica 
tive determining unit 102d, the voiced fricative determining 
unit 102e, the affricate determining unit 102], and the periodic 
Waveform determining unit 102g respectively according to 
the ?rst and the second embodiments. 

Based on the feature quantity of each phoneme class, the 
correction determining unit 102 according to the second 
embodiment selects the phoneme fragments With defects as 
the phoneme fragments necessitating correction. However, 
based on the feature quantity of each phoneme class, the 
recording determining unit 202 according to the third 
embodiment determines the phoneme fragments Without 
defects. For example, upon the phoneme being the unvoiced 
plosive “k”, Whether the phoneme includes only one plosive 
portion, Whether the length of the aspirated portion is greater 
than or equal to the threshold value, and Whether the ampli 
tude value of the plosive portion is Within the threshold value 
are used as the determination standards by the recording 
determining unit 202 to determine Whether to record the 
phoneme. Upon the phoneme being the unvoiced fricative “s” 
or “sH”, Whether the amplitude variation rate is not large, 
Whether all the amplitude values are Within a predetermined 
range, and Whether the phoneme length is greater than or 
equal to the threshold value are used as the determination 
standards by the recording determining unit 202 to determine 
Whether to record the phonemes. Upon the phoneme being the 
voiced plosive “b”, “d”, or “g”, absence of the periodic com 
ponent and existence of the plosive portion are used as the 
determination standards by the recording determining unit 
202 to determine Whether to record the phoneme. 

Based on a determination result of the recording determin 
ing unit 202, the Waveform recording unit 204 stores in the 
phonemeWise-Waveform-data storage unit 205, the phoneme 
labels and the phoneme boundary data of the phoneme frag 
ments for recording. The phonemeWise-Waveform-data stor 
age unit 205 is provided as the phonemeWise-Waveform-data 
storage unit 105 in the ?rst and the second embodiments. 

Further, because the phonemeWise-Waveform-data storage 
unit 205 according to the third embodiment is provided as the 
phonemeWise-Waveform-data storage unit 105 in the ?rst and 
the second embodiments, the phonemeWise-Waveform-data 
storage unit 205 can also be provided as a storage unit having 
a structure that is independent of the speech recording appa 
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14 
ratus 200. Similarly, the phonemeWise-Waveform-data stor 
age unit 105 in the ?rst and the second embodiments can also 
be provided independently from the speech enhancement 
apparatus 100. 

Because the language processor 207 and the phoneme 
labeling unit 208 are the same as the language processor 107 
and the phoneme labeling unit 108 respectively according to 
the second embodiment, an explanation is omitted. 
A speech recording process according to the third embodi 

ment is explained next. FIG. 10 is a ?owchart of the speech 
recording process according to the third embodiment. As 
shoWn in FIG. 10, ?rst, the language processor 207 receives 
an input of the text data corresponding to the input speech, 
carries out the language process on the text data, and outputs 
the phoneme string (step S301). 

Next, based on the phoneme string, the phoneme labeling 
unit 208 adds the phoneme labels to the input speech and 
outputs the phoneme label of each phoneme and the phoneme 
boundary data (step S302). Next, based on the phoneme label 
of each phoneme and the phoneme boundary data, the pho 
neme splitting unit 201a uses the phoneme label boundaries 
to split the input speech into the phonemes (step S303). 

Next, the amplitude variation measuring unit 2011) calcu 
lates the amplitude values and the amplitude variation rates of 
the split phonemes (step S304). Next, based on the amplitude 
values and the amplitude variation rates, the plosive portion/ 
aspirated portion detecting unit 2010 detects the plosive por 
tions/aspirated portions (step S305). Next, based on the 
detected plosive portions/aspirated portions and the ampli 
tude variation rates, the phoneme classifying unit 201d clas 
si?es the phonemes into the phoneme classes (step S306). 
Next, the phonemeWise-feature-quantity calculating unit 
201e calculates the feature quantities of the classi?ed pho 
nemes (step S307). 

Next, the phoneme environment detecting unit 201fdeter 
mines the phoneme environment, in other Words, Whether the 
speech data of the pre?xed sounds/suf?xed sounds of the 
phonemes split at step S303 is silent, pronounced, voiced or 
unvoiced (step S308). 

Next, based on the phoneme type and the phoneme envi 
ronment determination result of the pre?xed sounds/su?ixed 
sounds, the phonemeWise data distributing unit 202a distrib 
utes the feature quantity of each phoneme to each phoneme 
type (step S309). Next, the unvoiced plosive determining unit 
202b, the voiced plosive determining unit 2020, the unvoiced 
fricative determining unit 202d, the voiced fricative deter 
mining unit 202e, the affricate determining unit 202], and the 
periodic Waveform determining unit 202g determine for each 
phoneme type Whether the phonemes need to be corrected 
(step S310). 

Next, based on the phoneme labels, the phoneme boundary 
data, the phoneme classes and a recording determination 
result at step S310, the Waveform recording unit 204 records 
the phonemes in the phonemeWise-Waveform-data storage 
unit 205 (step S311). 

In the present invention, a correction determination stan 
dard is included for each class of phonemes. A high precision 
detection of the plosive portions is used for the plosives. Due 
to this, existence of tWo plosive portions or the lengths of the 
aspirated portions that continue after the plosive portion can 
also be detected. Further, a precise amplitude variation can be 
detected for the fricatives. According to claim 5, using data of 
the pre?xed sounds and the su?ixed sounds of the phoneme 
fragments enables to carry out further high precision correc 
tion determination. 

Correcting methods include methods that enable to replace 
detected defective fragments by substitute fragments, supple 
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ment the original speech With the substitute fragments and 
supplement de?cient plosive portions. Due to this, a volume 
of fricative or plosive Which is extremely dif?cult to hear can 
be corrected. Further, overlapped plosives can also be cor 
rected to a single plosive. 

Apart from correcting the speech data, “tadaima” that is 
mistakenly input as “taraima” in the input text can be cor 
rected. Similarly, if a user ?nds it dif?cult to comprehend 
Whether a text portion includes “kokugai” or “kokunai”, the 
text portion can be corrected. 

All the processes explained in the embodiments mentioned 
earlier can be realiZed by executing a computer program that 
includes regulated sequences of the processes using a com 
puter system such as a personal computer, a server, or Work 
station. 
The invention in its broader aspects is not limited to the 

speci?c details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the general 
inventive concept as de?ned by the appended claims and their 
equivalents. Further, effects described in the embodiments 
are not to be thus limited. 

According to an embodiment of the present invention, 
based on a Waveform feature quantity of speech data of each 
phoneme that is separated by phoneme boundary data, if the 
speech data needs to be corrected, Waveform data that is prior 
stored in a phonemeWise-Waveform-data storage unit is used 
to correct the speech data of each phoneme. Due to this, the 
speech data that is unclear and dif?cult to hear is corrected for 
each phoneme and the speech data that is easier to hear can be 
obtained. 

According to an embodiment of the present invention, 
based on the Waveform feature quantity of the speech data of 
each phoneme that is separated by voiced/unvoiced boundary 
data, if the speech data needs to be corrected, the Waveform 
data that is prior stored in the phonemeWise-Waveform-data 
storage unit is used to correct the speech data of each pho 
neme. Due to this, the speech data that is unclear and dif?cult 
to hear is corrected for each phoneme that is separated by the 
voiced/unvoiced boundary data and the speech data that is 
easier to hear can be obtained. 

According to an embodiment of the present invention, 
phoneme identi?cation data is assigned to a phoneme string 
that is obtained by carrying out a language process on text 
data and boundaries of the phoneme identi?cation data are 
determined to get boundary data of the phoneme identi?ca 
tion data. Based on the Waveform feature quantity of the 
speech data of each phoneme that is separated by the bound 
ary data, if the speech data needs to be corrected, the Wave 
form data that is prior stored in the phonemeWise-Waveform 
data storage unit is used to correct the speech data of each 
phoneme. Due to this, the speech data that is unclear and 
dif?cult to hear is corrected for each phoneme that is sepa 
rated by the phoneme identi?cation data and the speech data 
that is easier to hear can be obtained. 

According to an embodiment of the present invention, 
amplitude values, amplitude variation rates, and existence or 
absence of periodic Waveforms in the phonemes of the speech 
data are measured. Based on a result of detection of plosive 
portions and aspirated portions of the phonemes, phoneme 
types of the phonemes are classi?ed, and the feature quantity 
of each classi?ed phoneme is calculated. Due to this, speech 
portions such as consonants and unvoiced voWels, Which are 
likely to be unclear, can be detected and corrected. 

According to an embodiment of the present invention, the 
input speech data is synthesiZed With the speech data of each 
phoneme that is corrected by a Waveform correcting unit to 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
output a resulting speech data. Thus, only the unclear portions 
are corrected in the speech data that is output and the unclear 
portions can be corrected Without signi?cantly changing 
original characteristics of the speech data. 

According to an embodiment of the present invention, the 
phoneme identi?cation data is assigned to the phoneme string 
that is obtained by carrying out the language process on the 
text data and boundaries of the phoneme identi?cation data 
are determined to get the boundary data of the phoneme 
identi?cation data. For each phoneme that is separated by the 
boundary data, the speech data that satis?es predetermined 
conditions is recorded in the phonemeWise-Waveform-data 
storage unit, and the recorded speech data can be used for 
correction. 
The present invention is effective in obtaining clear speech 

data by correcting unclear portions of the speech data and can 
be especially applied to automatically detect and automati 
cally correct defective portions related to plosives such as 
existence or absence of plosive portions, phoneme lengths of 
aspirated portions that continue after the plosive portions or 
defective portions related to amplitude variation of fricatives. 

Although the invention has been described With respect to 
a speci?c embodiment for a complete and clear disclosure, 
the appended claims are not to be thus limited but are to be 
construed as embodying all modi?cations and alternative 
constructions that may occur to one skilled in the art that 
fairly fall Within the basic teaching herein set forth. 

What is claimed is: 
1. A speech enhancement apparatus that corrects and out 

puts unclear portions of input speech data, the speech 
enhancement apparatus comprising: 

a voiced/unvoiced-boundary-data output unit that deter 
mines a separation of voiced/unvoiced of the input 
speech data and outputs voiced/unvoiced boundary data 
as phoneme boundary data that splits the input speech 
data into a plurality of phonemes; 

a Waveform-feature-quantity calculating unit that calcu 
lates a Waveform feature quantity of the input speech 
data for each of the plurality of phonemes, the input 
speech data being input along With the phoneme bound 
ary data, Wherein the Waveform feature quantity 
includes at least one of 
amplitude values, amplitude variation rates, existence or 

absence of periodic Waveforms, of the phonemes, 
existence or absence of plosive portions of the pho 

nemes, 
lengths of the plosive portions, existence or absence of 

aspirated portions that continue after the plosive por 
tions, lengths of the aspirated portions, and 

phoneme types of the phonemes before and after the 
phonemes; 

a correction determining unit that determines a necessity of 
correction of the input speech data for each of the plu 
rality of phonemes, based on the Waveform feature 
quantity calculated by the Waveform-feature-quantity 
calculating unit; and 

a Waveform correcting unit that corrects a phoneme of the 
plurality of phonemes Which is determined to be cor 
rected by the correction determining unit by using Wave 
form data that is prior stored in a phonemeWise-Wave 
form-data storage unit, Wherein the Waveform-feature 
quantity calculating unit includes 

a speech data splitting unit that splits the input speech data 
into the phonemes based on the phoneme boundary data, 

an amplitude variation measuring unit that measures 
amplitude values, amplitude variation rates, and exist 
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ence or absence of periodic Waveforms of the phonemes, 
based on the phonemes that are split by the speech data 
splitting unit, 

a plosive portion/ aspirated portion detecting unit that 
detects plosive portions and aspirated portions of the 
phonemes, based on the amplitude values and the ampli 
tude variation rates that are measured by the amplitude 
variation measuring unit and the input speech data that is 
split by the speech data splitting unit, 

a phoneme classifying unit that classi?es phoneme types of 
the phonemes, based on a detection result by the plosive 
portion/aspirated portion detecting unit, and the ampli 
tude values, the amplitude variation rates, and existence 
or absence of the periodic Waveforms that are measured 
by the amplitude variation measuring unit, and 

a phonemeWise-feature-quantity calculating unit that cal 
culates a feature quantity for each of the phonemes that 
are classi?ed by the phoneme classifying unit. 

2. The speech enhancement apparatus according to claim 
1, further comprising: 

a phoneme-identi?cation-data output unit that as signs pho 
neme identi?cation data to the input speech data based 
on the input speech data and a phoneme string that is 
output by carrying out a language process on text data of 
the input speech data, determines boundaries of the pho 
neme identi?cation data, and outputs boundary data of 
the phoneme identi?cation data as the phoneme bound 
ary data, Wherein 

the Waveform-feature-quantity calculating unit calculates 
the Waveform feature quantity of the input speech data 
for each of the phonemes, the input speech data being 
input along With the boundary data of the phoneme 
identi?cation data output by the phoneme-identi?ca 
tion-data output unit. 

3. The speech enhancement apparatus according to claim 
1, Wherein the phonemeWise-feature-quantity calculating 
unit calculates as the feature quantity, at least one of the 
amplitude values, the amplitude variation rates, and existence 
or absence of the periodic Waveforms that are measured by the 
amplitude variation measuring unit, existence or absence of 
the plosive portions of the phonemes, lengths of the plosive 
portions, existence or absence of the aspirated portions that 
continue after the plosive portions, and lengths of the aspi 
rated portions that are detected by the plosive portion/aspi 
rated portion detecting unit, and the phoneme types of the 
phonemes before and after the phonemes that are classi?ed by 
the phoneme classifying unit. 

4. The speech enhancement apparatus according to claim 
1, Wherein the correction determining unit determines 
Whether correction of the input speech data is necessitated for 
each phoneme according to the phoneme types that are clas 
si?ed by the phoneme classifying unit. 

5. The speech enhancement apparatus according to claim 
1, Wherein the Waveform-feature-quantity calculating unit 
further includes 

a phoneme environment detecting unit that detects a dif 
ference of pronounced/ silent and a difference of voiced/ 
unvoiced in the phonemes before and after the phonemes 
that are split by the speech data splitting unit, and 
Wherein 

the correction determining unit determines the necessity of 
correction of the input speech data for each phoneme, 
based on a detection result by the phoneme environment 
detecting unit along With the Waveform feature quantity 
that is calculated by the Waveform-feature-quantity cal 
culating unit. 
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6. The speech enhancement apparatus according to claim 

1, further comprising an output speech data synthesizer that 
synthesiZes the input speech data With the input speech data of 
each phoneme that is corrected by the Waveform correcting 
unit, and outputs the synthesiZed input speech data, based on 
the phoneme boundary data and a determination result by the 
correction determining unit. 

7. A speech recording apparatus that records input speech 
data in a phonemeWise-Waveform-data storage unit, the 
speech recording apparatus comprising: 

a phoneme-identi?cation-data output unit that as signs pho 
neme identi?cation data to the input speech data, based 
on the input speech data and a string of phonemes that is 
output by carrying out a language process on text data of 
the input speech data, determines boundaries of the pho 
neme identi?cation data, and outputs boundary data of 
the phoneme identi?cation data as phoneme boundary 
data; 

a Waveform-feature-quantity calculating unit that calcu 
lates a Waveform feature quantity of the input speech 
data for each of the phonemes, the input speech data 
being input along With the boundary data of the pho 
neme identi?cation data output by the phoneme-identi 
?cation-data output unit, Wherein the Waveform feature 
quantity includes at least one of 
amplitude values, amplitude variation rates, existence or 

absence of periodic Waveforms, of the phonemes, 
existence or absence of plosive portions of the pho 

nemes, 
lengths of the plosive portions, existence or absence of 

aspirated portions that continue after the plosive por 
tions, lengths of the aspirated portions, and 

phoneme types of the phonemes before and after the 
phonemes; 

a condition su?iciency determining unit that determines 
Whether the input speech data satis?es predetermined 
conditions for each phoneme, based on the Waveform 
feature quantity calculated by the Waveform-feature 
quantity calculating unit; and 

a phonemeWise-Waveform-data recording unit that records 
in the phonemeWise-Waveform-data storage unit, the 
input speech data of each phoneme that is determined to 
be satis?ed the predetermined conditions, based on a 
determination by the condition su?iciency determining 
unit, Wherein the Waveform-feature-quantity calculating 
unit includes 

a speech data splitting unit that splits the input speech data 
into the phonemes based on the phoneme boundary data, 

an amplitude variation measuring unit that measures an 
amplitude value and an amplitude variation rate for each 
of the phonemes that are split by the speech data splitting 
unit, 

a plosive portion/ aspirated portion detecting unit that 
detects plosive portions and aspirated portions of the 
phonemes, based on the amplitude value and the ampli 
tude variation rate that are measured by the amplitude 
variation measuring unit and the input speech data that is 
split by the speech data splitting unit, 

a phoneme classifying unit that classi?es each of the pho 
nemes into phoneme types, based on the amplitude value 
and the amplitude variation rate that are measured by the 
amplitude variation measuring unit, and 

a phonemeWise-feature-quantity calculating unit that cal 
culates a feature quantity for each of the phonemes that 
are classi?ed by the phoneme classifying unit according 
to each of the phoneme types. 




